Cubic spinel lithium manganese oxide (LiMn 2 O 4 ) has been able to attract a great deal of attention over the years as a promising cathode material for large-scale lithium-ion batteries.
Introduction
Li-ion batteries (LIBs) in recent time are used extensively as the main source of power in almost every portable electronic device like personal computers, phones, digital cameras and electric vehicles, which is due to their compact size and high portability [1] . 2 LIBs have naturally emerged as one of the most promising sources of energy storage, which can potentially replace the non-renewable energy resources like gasoline [2, 3] . However, to meet this end, high energy and power are expected from LIBs, and therefore, cathode materials with high Li-ion storage capacity are of great interest [4] [5] [6] . LiCoO 2 [7] , LiNi 1−x−y Co x Mn y O 2 [8] , LiFePO 4 [9] and LiMn 2 O 4 [2, 3] have been tested as some of the most promising cathode materials. Among these, LiMn 2 O 4 is favoured because this offers fast kinetics of Li-ions into its interstitial sites due to its open three-dimensional (3D) framework structure [10] [11] . Moreover, it requires low cost precursors such as Manganese (Mn), which is the twelveth most abundant element in earth's crust [11] . It also offers environmental friendliness, high working potential and a promising energy density [12] [13] [14] [15] [16] . It is assumed that nanoscale materials of LiMn 2 O 4 could achieve better cathode performance than its bulk counterpart because these offer shorter Li + -ion path diffusion length, which is due to its particle size decrease but surface area increase, favouring an increment of the electrolyte/electrode interface area [17] [18] [19] . In this regard, diverse nanoscale morphologies have been reported, such as nanotubes [20] , nanorods [21] , nanocones [22] , nanochains [14] and nanospheres [23] . Normally, a high quality one-dimensional (1D) nanostructure (nanorod or nanowire) is the desired choice, as its minimal diameters provides an efficient Li-ion conductive pathway without much sacrifice to the volume change [24] [25] [26] [27] [28] . Xie et al. [11] and
Kebede et al. [29] have reported superior cyclability for LiMn 2 O 4 nanorods as LIBs cathode material.
Unfortunately, LiMn 2 O 4 (LMO) possesses some serious drawbacks that plague its commercial application as Li-ion battery cathode. Poor electronic and ionic conductivities, severe manganese dissolution inside the electrolyte [30] [31] [32] [33] , and surface reactions caused by Jahn-Teller distortions [34] [35] [36] remain some of the principal issues that lead to continuous capacity fading, poor cyclabilty as well as stability of LMO, which need to be addressed to develop a promising cathode material. Carbon coating over LMO can be an alternative for enhancing the performance of LMO electrodes [37, [12] [13] [14] . Mesoporous carbon materials have good electronic and ionic conductivities and are thus effective in reducing the Li + -diffusion pathway, which can enhance the rate capability [38] [39] [40] [41] [42] . In addition, carbon coating can safeguard the material from unwanted surface distortions and physical change that is highly beneficial for improving the cyclic stability [43, 44] . Graphene is preferred as carbonaceous material for its high electronic and ionic conductivities and its high surface area as a result of its two-dimensional (2D) structure [45] [46] [47] [48] [49] [50] . He et al. [51] and Ho et al. [52] 3 have recently reported the use of graphene with LMO for developing high performance cathode materials.
In the current work, we have developed ultrafine 1D LiMn 2 O 4 nanorods of about 10-50 nm diameter using α-MnO 2 nanorod as partial template. Initially, ultrafine 1D α-MnO 2 nanorods were synthesized using a hydrothermal methodology, as reported previously [53] . 
Characterization
The structures of the as prepared samples were evaluated using X-ray diffraction (XRD) technique through a PAN analytical X' Pert Pro diffractometer. Further structural analysis was followed by Raman spectroscopy using LASER Raman spectrometer. The elemental composition of the samples was determined by X-ray photoelectron (XPS) spectroscopy using 'K-Alpha Instruments, USA' with 400 µm sized aluminium as metal source. The topographies were observed through field emission scanning electron microscope 
Electrochemical measurements
Working Li-ion battery electrodes were prepared with 80 wt% active material, 10 wt% Super P, and 10 wt% polyvinylidene fluoride (PVDF, Kynar 310F) on an Al foil. First these materials were dispersed in deionized water and then milled for 30 min. The resulting slurry was deposited on an Al foil, resulting in a thin film, where the loading density of the active material was about 2 mg cm −2 . After, drying under vacuum at 80 °C for 12 h, the Al foil was cut into circular discs, which were used to fabricate coin-type 2032 cells in an Ar- Figure 1a shows the XRD patterns of the samples obtained using (111), (311), (222), (400), (331), (511), (440) and (531) respectively [62] [63] [64] [65] [66] . The as prepared sample shows high purity as no peaks for other 7 impurity elements are present. The high intense peak of C1s is attributed to the presence of carbon from graphene oxide [67] . The concentrated photoemission spectrum for Mn3p and
Structural analysis

Elemental analysis
Li1s from 40-60 eV (Fig. 2a) clearly shows two peaks. The stronger one at 48.1 eV corresponds to the Mn3p core level whilst the weaker one at 53.8 eV corresponds to Li1s.
Pristine Li metal exhibits a little higher Li1s core level photoemission peak (54.8 eV), which suggests for the existence of Li element as Li + -ions in the as prepared sample [58] . Figure 2b portrays the photoemission spectrum of Mn3s core level. Two split-up peaks can be seen at 84.1 and 89.0 eV with a binding energy difference, ΔE = 4.9 eV. At the time of photoelectron ejection, the 3s electrons are parallel spin coupled with 3d electrons causing this peak splitting of Mn3s from its satellite, which is useful for evaluating the oxidation state of Mn [63] . The oxidation state of Mn element was calculated to be +3.44 from the following mathematical interpretation: OS = 8.9561 -1.126 (ΔE), where OS represents average oxidation state [68] . The C1s spectrum displayed in Fig. 2c , shows one prominent peak at 284.5 eV and another less intense peak at 286.2 eV, corresponding to sp 3 , sp 2 hybridized C-C and C-O bonds from graphene oxide [67] . A prominent photoemission peak detected at 529.7 eV in O1s spectrum (Fig. S4b, supplementary information) is ascribed to the O 2− -ions [64] .
The small peak at 532.7 eV can be attributed to the presence of adsorbed impurity from the surrounding moisture content (OH − ) [64] . Spin orbit splitting can be seen in Mn2p spectrum (Fig. 2d) 
Morphological analysis
Figure S3 This resulted in a complete mixing of these two compounds. Figure 3 (a and b) shows FESEM images of the ultrafine 1D α-MnO 2 nanorods mixed with LiOH•H 2 O. The low dimensionality of the nanorods allows to α-MnO 2 to be able to attract small nanoparticles of LiOH over their surfaces, which is due to their confined structure. It is well-known that nanoscale materials offer higher specific surface area than their bulk counterparts [54] . When these nanostructures are subject to hydrothermal pressure they easily get attracted towards other nanoparticles in order to reduce their surface area, and therefore, they are stabilized.
Uniqueness arises, when the attracted particles also possess very low dimensional morphologies. This can well be visualized from the TEM images as shown in Figs providing them with sharp surface edges for settlements. In this way they acted as template. 
